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(54) Internal voltage generating circuit 

(57) An internal voltage generating circuit for gener- 
ating an internal voltage VINT from an inisut external 
voltage (VEXT) is provided, to stabilize thie internal volt- 
age. When the eicternal voltage (VEXT) is less than or 
equal to a first boundary voltage (VT1) or a second 
boundary voltage (VT2 (> VT1)), a constant voltage 
(VINTN) Independent on the external voltage (VEXT), 
which is produced by a constant voltage generator is 
outputted therefrom- When the external voltage (VEXT) 
is greater than or equal to the first boundary voltage 
(VT1 ) or the second boundary voltage (VT2), a variable . 
voltage (> VINTN) linearly increased with an increase in 
ng.t 
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(VEXT), which is produced by a variable voltage gener- 
ator, is outputted therefrom. When a detecting means 
detects- that the external voltage (VEXT) has been 
increased to (VT2) or higher, the characteristic of thei 
internal voltage is switched from a constant voltage 
characteristic to a variable. voltage characteristic. On the 
other hand, when the detecting means detects that the 
external voltage (VEXT) has been reduced to (VT1) or 
lower, the characteristic of the internal voltage is 
changed from the variable voltage characteristic to the 
constant voltage characteristic. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

This invention relates to an internal voltage generating circuit that is provided inside a semiconductor device and 
generates an internal voltage to be supplied to an internal circuit of the semiconductor device frorh an ©eternal voltage 
inputted from the outside. 

10 

Description of the Related Art: 

As a technique related to this type of internal voltage generating circuit, one is known which has been disclosed in, 
, for example, Japanese Patent Application Laid-Open No. 6-96596 (Laid-Open Date: April 8, 1994). Fig. 7 shows one 
is example of an internal voltage vs. external voltage characteristic of a conventional internal voltage generating circuit. In 
Fig. 7, the internal voltage indicates such a constant voltage characteristic that when the external voltage ranges from 
0 to a voltage VN (first voltage section or range), the external voltage is outputted as the internal voltage and when the 
external voltage ranges from the voltage VN to a boundary voltage VT (second voltage section or range), a constant 
voltage is ou^utted regardless of the external voltage. Further, the internal voltage indicates such a variable voltage 
20 characteristic that a voltage is outputted which vertically rises at the final stage of the second voltage range and linearly 
rises from the voltage that has risen at the final stage of the second voltage range in a section or range (third voltage 
range) in which the external voltage becomes greater than or equal to the boundary voltage VT. 

With the objective of performing a screening test for an initial failure and a reliability test on newly-developed sem- 
iconductor devices, a burn-in test for applying a source voltage higher than normal specifications to manufactured sem- 
25 iconductor devices so as to activate them under high temperatures is applied to each manufactured semiconductor 
• device. During the burn-in test, the semiconductor device is activated in the third voltage range. During the normal oper- 
ation on the other hand, the semiconductor device is activated in the second voltage range. Whether the semiconductor 
device should be activated in the second voltsige range or the third voltage range, is corTtroiled according to the level of 
an applied external voltage. Further, the switching between the voltage ranges is carried out by changing the level of 
30 , the external voltage. 

However, in the converitional internal voltage generating circuit, when fluctuations occur in the external voltage due 
to the production of noise or the like in the vicinity of the boundary voltage VT corresponding to a point for switching 
from the second voltage range to the third voltage range or from the third voltage range to the second voltage range, 
the section or range of the internal voltage is not suitably set to either the second voltage range or the third voltage 
35 range and hence becomes unstable, thus resulting in the output of an unstable internal voltage from the internal voltage 
generating circuit 

SUMMARY OF THE INVENTION 

With the foregoing in view, it is therefore an object of the present invention to provide an internal voltage generating 
circuit capable of outputting a stable internal voltage therefrorh. 

In order to achieve the above object, the present invention provides an internal voltage generating circuit of the 
present invention for generating an internal voltage from an external voltage inputted thereto, which is characterized in 
that the internal voltage indicates such a constant voltage .characleristic that the internal voltage is brought to a constant 
voltage regardless of the external voltage when the external voltage ^lls within a first voltage range, the internal voltage 
indicates such a variable voltage characteristic that when the external voltage f^lls within a second voltage range larger, 
than the first voltage range, the internal voltajge is brought to a variable voltage which is larger than the constant voltage 
and increases linearly with an increase in the external voltage, and a first boundary voltage for switching a characteristic 
of the internal voltage from the variable voltage characteristic to the constant voltage characteristic is lower than a sec- 
ond boundary voltage for switching the characteristic thereof from the constant voltage characteristic to the variable 
voltage characteristic. 

Another invention provides an internal voltage generating circuit comprising: 

a reference voltage generator for generatihg a reference voltage; 

a constant voltage generator for generating the constant voltage corresponding to the level of the reference voltage 
from the external voltage; 

a variable voltage generator for generating the variable voltage from the external voltage; 
an output circuit for outputting an input voltage as an iriternal voltage; and 
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detecting means for monitoring tlie level of the external voltage using the reference voltage, outputting a signal for 
determining either a first logical value or a second logical value, based on the result of monitoring, varying the 
determination signal from the first logical value to the second logical value when the detecting means detects that 
the external voltage has risen to the second boundary voltage or more, and varying the determination signal from 
the second logical value to the first logical value when the detecting means detects thiat the external voltagfe has 
been reduced to the first boundary voltage or less, and 

wherein when the determination signal is the first logical value, the constant voltage is inputted to the output 
circuit and when the determination signal is the second logical value, the variable voltage is inputted to the ou^aut 
circuit. 

A further invention provides an internal voltage generating circuit wherein the detecting means includes, 

a voltage, divider circuit for making a frjaction of the external voltage in a first voltage division ratio when the deter- 
mination signal is the first;logical value, making a fraction of the ejcternal voltage in a second voltage division ratio 
when the determination signal is the second logical value and outputting either one of the resultant fractional volt- 
ages therefrom, and 

a comparing circuit for comparing the level of the input reference voltage and that of each fractional voltage, out- 
putting the first logical value as the determination signal when the fractional voltage is less than or equal to the ref- 
erence voltage and outputting the second logical value as the determination signal when the fractional voltage is 
greater than or equal to the reference voltage, and 

the voltage divider circuit sets the first voltage division ratio so that the fractional voltage becomes equal to the ref- 
erence voltage when the external voltage is the second boundary voltage and is fractionated in the first voltage divi- 
sion ratio, and sets the second voltage division ratio so that the fractional voltage becomes equal to the reference 
voltage when the external voltage is the first boundary voltage and is fractionated in the second voltage division 
ratio. 

A still further invention provides an irijernal voltage generating circuit wherein the voltage divider circuit is able to 
freely set the dependence of the voltage division ratio on temperature. 

A still further invention provides an internal voltage generating circuit wherein the voltage divider circuit includes, 

■ a voltage division load circuit wherein three or more load elements are connected in series, one ends of the load 
elements are respectively connected to the external voltage and a ground voltage and any of points at which the 
load elements are joined to each other, is used as a terminal for outputting the fractional voltage, whereby the exter- 
nal voltage is fractionated or fractionally divided by an external source-side load circuit extending from the external 
voltage to the output terminal and a ground source-side load circuit extending from, the output terminal to the 
ground voltage, and 

a switch circuit for short-circuiting or opening between terminals of a predetermined above load element in accord- 
ance with the determination signal to thereby set a voltage division ratio of the vottage division load circuit to the 

first or second voltage division ratio. 

A Still further invention provides ah internal voltage generating circuit wherein the voltage division load circuit uses 

resistors as the load elements. , • 

A still further invention provides an internal voltage generating circuit wherein the voltage division load circuit is able 
to freely set the dependence of the voltage division ratio on temperature by forming the resistor of the external source- 
side load circuit and the resistor of the ground source-side load circuit from resistive materials of two types or more, 
which are different in temperature coefficient from each other. 

A still further provides an internal voltage generating circuit wherein the voltage division load circuit includes a plu- 
rality of resistors uncontrolled by the switch circuit, which are respectively provided for the external source-side load cir- 
cuit and the ground source-side load circuit, and is able to freely set the dependence of the voltage division ratio on 
temperature by respectively forming tine plurality of resistors from resistive materials of two types or more, which are 
different in temperature coefficient from each other. • 

. A still further invention provides an internal voltage generating circuit wherein the voltage division load circuit uses 
polysilicon and an n- or p-type silicon diffusion layer as the resistive materials. 

A still further invention provides an internal voltage generatinig circuit wherein the switch circuit has one or a plural- 
ity of short-circuit switch elements connected in parallel with the load elements to be short-circuited of the vo|tage divi- 
sion load circuit and is activated so as to bring the short-circuit switch elements into conduction or non-conduction in 
accordance with the determination signal. 

A still further invention provides an internal voltage jgenerating circuit wherein the switch circuit uses a MOS tran- 
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sistor as the short-circuit switch element. 

A still further invention provides an internal voltage generating circuit wherein the voltage divider circuit further 
includes adjusting fuses for short-circuiting between the terminals of the predetermined load element of the load ele- 
ments and is able to adjust the voltage division ratio of the voltage division load circuit by cutting out any. of the adjusting 
5 fuses. 

A still further invention provides an internal voltage generating circuit wherein the comparing circuit includes, 

a comparator having an Inverse input terminal and a non-inverse input terrninal respectively suppilied with the ref- 
erence voltage and the fractional voltage, and 
10 a drive circuit driven in response to a signal outputted from the comparator so as to output the determination signal. 

. A still further invention provides an internal voltage generating circuit wherein the variable voltage generator has an 
output terminal connected to an input terminal of the output circuit and is activated so as to output the variable voltage 
to the output circuit when the determination signal is the second logical value and deactivated so as to stop the output 
IB of the variable voltage to the output circuit when the determination signal is the first logical value and 

the constant voltage generator has an output terminal connected to the input terminal of the output circuit and is 
activated so as to output the constant voltage to. the ou^jut circuit wheri the variaiple voltage generator stops out- 
putting and deactiyated so as to stop the output of the constant voltage to the output circuit when the variable volt- 
20- age generator Is activated. . 

A still further invention provides, an internal voltage generating circuit wherein the variable voltage generator 
includes, 

25 a ^itch element having a control terminal inputted with the determination signal, which is opened when the deter- 
mination signal is the first logical value and is brought into conduction when the determination signal is the second 
logical value, and . , .' 

.a st^-down load elenient connected in series with the switch elernent, and 
the constant voltage generator includes, ' 

30 . ■ . ' 

a differential amplifier having an Inverse input terminal supplied with the reference voltage, 

a first step-up load el ernent providedsbetween a non-inverse terminal of the differential amplifier and the input 

/terminal of the output circuit; : 

a second step-up load element provided between the non-inverse terminal of the differential aniplif ler and a 
3s ground voltage, and 

a PMOS transistor whose gate, source and drain electrodes are respectively connected to an output terminal 
of the differential amplifier, the external voltage and the input terminal of the output circuit, said PMOS transis- 
. . tor being cut off when the switch element is brought into conduction so as to activate the. constant voltage gen- 
erator. , 

Thus, according to the internal voltage generating circuit of the present Invention, a hysteresis characteristic is 
imparted to an internal vojtage by switching a characteristic of an internal voltage from a constant voltage characteristic 
to a variable voltage characteristic when an external voltage is of a second boundary voltage and switching the charac- 
teristic of the internal voltage from the variable voltage characteristic to the constant voltage characteristic when the 

45 external voltage is of a first boundairy voltage smaller than the second boundary voltage. As a result, the internal volt- 
age, which has first entered into the variable voltage characteristic from the constant voltage characteristic, is prevented 
from being returned to the constant voltage characteristic due to fluctuations in' external voltage. Further, the internal 
voltage, which has first entered into the constant voltage characteristic from the variable voltage characteristic, Is pre- 
vented from being returned to the variable voltage characteristic due to the fluctuations in external voltage. Moreover, 

so even when the external voltage is unstable in the vicinity of the switching between the characteristics; the internal volt- 
age can be stably outputted. An external voltage section or rahge for providing the constant voltage characteristic and 
an external voltage section or range for providing the variable voltage characteristic can be both enlarged as compared 
with the prior art. 

Further, according to the internal voltage generating circuit of another invention, variations in first and second 
55 boundary voltages with respect to temperatures due to a variation, in reference voltage with respect to the temperature 
. can be corrected by freely setting the dependence of a voltage division ratio of a voltage divider circuit on the temper- 
ature. 

Moreover, according to the internal voltage generating circuit of the further invention, a voltage division ratio of a 
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voltage division load circuit can be adjusted by opening or cutting out adjusting fuses so as to free stiort-circuiting of a 
predetermined load element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter 
which is regarded as the invention, it is believed that the invention, the objects and features of the invention and further 
objects, features and advantages thereof will be better understood from the following description taken in connection 
with the accompanying drawings in which: 

Fig. 1 is a diagram showing a circuit configuration of an internal voltage generating circuit according to a first 
embodiment of the present invention; 

Fig. 2 is a diagram illustrating an output voltage characteristic obtained by the first embodiment shown in Fig. 1 ; 
Rg. 3 is a circuit diagram depicting a voltage divider circuit employed in the first embodiment shown in Fig. 1 . which 
is capable of adjusting a yoltiage division ratio; 

Fig. 4 is a diagram for describing variations in boundary voltage with respect to temperatures; 
Fig. 5 is a diagram for describing the operation for coi-recting a bbundary voltage with respect to variations in tem- 
perature, which occur in a second embodiment of the present invention; 

l=ig. -6 is a circuit diagraiji showing another voltage divider circuit employed in the second embodiment of the 
present invention; and 

Fig. 7 is a diagram illustrating an output voltage characteristic of an internal voltage generating circuit descriptive 
of a related art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention wijl hereinafter be described in detail with reference to the accom- 
panying drawings. 

Fig. 1 shows an internal voltage generating circuit according to a first embodiment of the present invention. The 
internal voltage generating circuit comprises a reference voltage generator 100, an amplifier circuit 110 which serves 
as a constant voltage generator, a voltage divider circuit 120, a comparing circuit 130, a burn-in voltage generator 150 
which serves as a variable voltage generator, and an internal voltage output circuit 1 60. 

The reference voltage generator 100 is a circuit for generating a predetermined reference voltage VREF independ- 
ent on an external voltage. The reference voltage VREF ranges from 1 .3[y] to 1 .4[V], for example. 

The amplifier circuit 1 1 0 includes a differential amplifier which is composed of an NMOS transistor N1 whose gate 
electrode is supplied with the reference voltage VREF, an NMOS transistor N2 whose source electrode is electrically 
connected to a source electrode of the NMOS transistor N1 and which forms a differential pair together with the NMOS 
transistor N1, an NMOS transistor N3 activated as a constant current source, which has gate and drain electrodes 
respectively electrically connected to the gate electrode of the NMOS transistor N1 and the source electrode of the 
NMOS transistor N1 and has a source electrode electrically grounded, a PMOS transistor PI whose source and drain 
electrodes are respectively electrically connected to an external voltage VEXT and a drain electrode of the NMOS tran^ 
sistor N1, and a PMOS transistor P2 whose gate, drain and source electrodes are respectively electrically connected 
to the gate electrode of the NMOS transistor N1 , a drain electrode of the NMOS transistor N2 and the external voltage 
VEXT, whose gate and drain electrodes are commonly connected to each other and which forms a load pair together 
with the PMOS transistor PI , and which uses the drain electrode of the NMOS transistor N1 as an output terminal. Fur-. 
. ther, the amplifier circuit 1 10 has a PMOS transistor P3 whose gate and source electrodes are respectively electrically 
connected to the drain electrode of the NMOS transistor N1 and the external voltage VEXT a resistor R1 (correspond- 
ing to a first boost oi- set-up load element) provided between the drain electrode of the PMOS transistor P3 and a gate 
electrode of the NMOS transistor N2, and a resistor R2 (corresponding to a second set-up load element) provided 
between the gate electrode of the NMOS transistor N2 and a ground voltage. The amplifier circuit 110 uses the drain 
electrode of the PMOS transistor P3 as an output terminal INTN and generates a constant voltage VINTN independent 
on the extel-nal voltage VEXT corresponding to the level of the reference voltage VREF from the output terminal INTN. 
At this time, VINTN = VREF x (R1 + R2)/R2 . This VINTN is 3.3[V], for example. 

The voltage divider circuit 120 has a voltage division load circuit wherein resistors R4, R5 and R6 are connected in 
series in this order, one end of the resistor R4 Is electrically connected to the external voltage VEXT, one end of the 
resistor R6 is electrically grounded and a point at which the resistors R5 and R6 are joined to each other, is used as a 
terminal for outputting a fractionally-divided voltage Va, whereby a fraction of the external voltage VEXT available is 
made by an external source-side load circuit composed of the resistors R4 and R5 and a ground source-side load circuit 
composed of the resistor R6, and a PMOS transistor P4 used as a switch circuit connected in parallel to the resistor R4 
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so as to short-circuit or open the resistor R4. When the transistor P4 is in an OFF state, the voltage divider circuit 120 
makes a fraction of the external voltage VEXT in a voltage division ratio (first voltage division ratio) determined by the 
ratio between the total resistance value of the series-connected resistors R4 and R5 and the resistance value of the 
. resistor R6. On the other hand, when the transistor P4 is in an ON state, the voltage diyider circuit 1 20 makes a fraction 

5 of the external voltage VEXT in a voltage division ratio (second voltage division ratio) determined by the ratio between 
. . the resistance values of the resistors R5 and R6. A voltage Va1 obtained by mata'ng the fraction of the external voltage 
VEXT in the first voltage division ratio becomes VEXT x R6/(R4 + R5 + R6) and a voltage Va2 obtained by maWng the 
fraction of the external voltage VEXT in the second voltage division ratio becomes VEXT x R6/(R5 + R6) . The respec- 
tive resistance values of R4, R5 and R6 are set so that Va2 ( = VT1 x R6/(R5 + R6) ) at the time that the external voltage 

10 VEXT is a first boundary voltage VT1 and Val ( = VT2 x R6/(R4 + R5 + R6) ) at the time that the external voltage VEXT 
is a second boundary voltage VT2. are both equal to VREF Preset values of VT1 and VT2 are respectively 6.55[V] and 
6.85[V1, for example (i.e., VT1 = 6.55[V] and VT2 = 6.85[V]). ■ 

The comparing circuit 130 includes a comparator 01 having an inverse input terminal (-) supplied with the reference 
voltage VREF and a non-inverse input terminal (+) supplied with the voltage Va, and a drive circuit of a type wherein 

is inverters 11, 12 and 13 are electrically connected in series and an output terminal of the inverter 13 is electrically con- 
nected to the gate electrode of the PMOS transistor P4 of the voltage divider circuit 120. The comparator 01 compares 
the level of the reference voltage VREF with that of the voltage Va. If Va < VREF then the comparator 01 outputs an 
output voltage Vb of a logical level "Low" (hereinafter expressed as "L") therefrom. If Va s VREF, then the comparator 
01 outputs an output voltage Vb of a logical level "High" (hereinafter represented as "H") therefrom. The drive circuit 

20 outputs a determination or decision voltage Vc brought to "H" (corresponding to a first logical value) when Vb is of "L" 
and a decision voltage Vc brought to "L" (corresponding to a second logical value) when Vb is of "H". The PMOS tran- 
, sistqr P4 of the voltage divider circuit 120 is turned OFF when Vc =. "H", whereas it is turned ON when Vc = "L". 

The burn-in voltage generator 150 includes a PMOS transistor P5 whose gate electrode is supplied with the deci- 
sion voltage Vc and whose source electrode is electrically connected to the external voltage VEXT and a resistor R3 

25 provided between a drain electrode of the PMOS transistor P5 and the output terminal INTN of the amplifier circuit 1 1 0. 
Further, the burn-in voltage generator 150 uses a terminal of the resistor R3 on the amplifier circuit 110 side as an out- 
put terminal INTB. When the PMOS transistor P5 is turned ON, the burn-in voltage generator 150 Is activated so as to 
output a burn-in voltage (variable voltage) VINTB having a value larger than the constant voltage VINTN of the amplifier 
circuit 1 10 from the output terminal INTB. At this time, VINTB = VEXTx (R1 + R2)/(R1 + R2 + R3) . When the burn-in 

30 voltage generator 150 is activated so that the voltage applied to the output terminal INTN of the amplifier circuit 1 10 is 
boosted to VINTB referred to above, the PMOS transistor P3 is turned OFF so that the amplifier circuit 1 10 stops the 
output of the constant voltage VINTN therefrom. 

The internal voltage output circuit 160 is of a circult for supplying the constant voltage VINTN inputted from the 
amplifier circuit 1 10 or the burn-in voltage VINTB inputted from the burn-in voltage generator 150 to an internal circuit 

3S (not shown) as an internal voltage VINT. 

Incidentally the voltage divider circuit 1 20 and the comparing circuit 130 constitute a detecting means. When the 
detecting means detects that the external voltage VEXT has been boosted to the second boundary voltage VT2 or 
more, the detecting means changes the decision voltage Vc from "H" to "L". On the other hand, when the detecting 
means senses that the external voltage VEXT has been reduced to the fjrst boundary voltage VT1 or less, the detecting 

40 means changes the decision voltage Vc from "L" to "H". 

The operation of the internal voltage generating circuit shown in Fig. 1 will next be described. Fig. 2 is a diagram 
showing an input/output voltage characteristic of the internal voltage generating circuit shown in Fig. 1 , i.e., an internal 
voltage VINT.vs. external voltage VEXT characteristic. Referring to Fig. 1 , a first voltage section or range corresponding 
to 0 s VEXT < VEXTN (= VINTN) corresponds to a sectjon or range in which the external voltage VEXT is qutputted as 

4S the internal voltage VINT A second voltage range in which VEXTN s VEXT < VT1 upon a reduction in VEXT and 
VEXTN s VEXT < VT2 upon an increase in VEXT, corresponds to a constant voltage characteristic zone or region in 
which the constant voltage VINTN is qutputted regardless of the external voltage VEXT A third voltage range in which 
VT1 < VEXT upon the reduction in VEXT and VT2 < VEXT upon the increase in VEXT corresponds to a variable volt- 
age characteristic region in which tiie burn-in voltage VINTB (>VINTN) proportional to the external voltage VEXT is out- 

50 putted. Thus, the boundary voltage VT2 at which a constant voltage characteristic is changed to a variable voltage 
characteristic with the increase in VEXT, is different froni the boundary voltage VT1 at which the variable voltage char- 
acteristic is changed to the constant voltage characteristic with the drop in VEXT The internal voltage VINT has a hys- 
teresis characteristic with respect to the external voltage VEXT (only the switching between the second voltage range 
and the tiiird voltage range at the time of the increase in external voltage and the switching between the second voltage 

55 range and the third voltage range at the time of the decrease in external voltage are different from each other in the 
internal voltage generating circuit shown in Rg. 1). Incidentally, Fig. 2 also illusti-ates characteristics of the reference 
voltage VREF, the voltage Va and the output voltage Vb of the comparator CI witii respect to the external voltage VEXT 
simultaneously with the above characteristics. 
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In the first voltage range, the PMOS transistor P5 of the burn-in voltage generator 1 50 is turned OFF and the PMOS 
transistor P3 of the amplifier circuit 1 10 is turned ON. Thus, the external voltage VEXT is putputted as the internal volt' 
age VINT as it is through the PMOS transistor P3 and the internal voltage output circuit 160. 

The operation of the internal voltage generating circuit at the constant voltage characteristic region corresponding 
e. to the second voltage range will first be described. In this range, the amplifier circuit 1 1 0 appli es a voltage (correspond- 
ing to a voltage applied to the drain electrode of the NMOS transistor N1) outputted from the differential amplifier to the 
gate electrode of the PMOS transistor P3 in response to a variation in external voltage VEXT so as to activate the 
PMOS transistor P3 as a constant current source, thereby producing a constant voltage VINTN 
(= VREF X (R1 + R2)/R2 ) independent on the external voltage VEXT The constant voltage VINtN is input to the inter- 
10 nal voltage output circuit 160 from which VINTN is supplied to the internal circuit as the internal voltage VINT At this 
time, the fractional voltage Va outputted from the voltage divider circuit 120 is always Va < VREF Further, the output 
voltage Vb of the comparing circuit 130 is "L" and the decision voltage Vc is "H". Thus, the PMOS transistors P4 and 
P5 are held OFF and the burn-in voltage generator 150 is placed in a deactivated state. Further, the voltage Va is rep- 
resented as Va = Val = VEXT x R6/(R4 + R5 + R6) . 
15 The ojseration (corresponding to the operation of the internal voltage generating circuit in a hysteresis characteristic 
region at the time of an increase in VEXT) of the internal voltage generating circuit, for performing switching from the 
second voltage range to the third voltage range with the increase in external voltage VEXT will next be described. When 
the external voltage VEXT increases beyond the boundary voltage VT1 so as to reach the second boundary voltage 
VT2 or more.thereby to obtain the relations in Va (= Va1)) s VREF, the output voltage Vb of the comparator CI is 
20 inverted from "L" to "H" and the decision voltage Vc is changed from "H" to "L" in response to its inversion. As a result, 
' the PMOS transistor P5 is turned ON to activate the burn-in voltage generator 1 50, whereby the switching from the sec- 
ond voltage range to the third voltage range is performed. Namely, the burn-in voltage generator 1 50 generates a burn- 
in voltage VINTB (= VEXT x (R1 + R2)/(R1 + R2 + R3) ). larger than VINTN from the output terminal INTB. Thus, the 
internal voltage output circuit 160 raises the internal voltage VINT and supplies the burn-in voltage VINTB to the internal' 
25 circuit as VINT. At this time, the burn-in voltage VINTB is also applied to the output terminal INTN of the amplifier circuit 
1 1 0 so that the voltage applied to the gate electrode of the NMOS. transistor N2 is raised to increase the drain voltage 
of the NMOS transistor N1 . Thus, the, PMOS transistor P3 is turned OFF to deactivate the amplifier circuit 1 1 0. At this 
time, the PMOS transistor P4 is turned ON to short-circuit the resistor R4. As a result, the fractionally-divided voltage 
Va is changed from Val to Va2 = VEXT X R6/(R5 + R6) . 
30 The operation of the internal voltage generating circuit under the burn-in (variable voltage) voltage characteristic in 
the third voltage range will next be described. Since Va (= Va2) s VREF at all times in this range, the output voltage Vb 
of the comparator CI is maintained at "H". Thus, since the decision voltage Vc produced from the comparing circuit 130 
is held at "L", the burn-in voltage generator 1 50 is always activated. Therefore, the burn-in voltage generator 1 50 sup- 
plies a burn-in voltage VINTB (= VREF X (R1 + R2)/(R1 + R2 + R3) ) proportional to the external voltage VEXT to the 
35 internal voltage output circuit 160. The internal voltage output circuit 160 supplies VINTB to the internal circuit as the 
internal voltage VINT Further, since the amplifier circuit 1 10 is deactivated because the PMOS transistor P3 is in an 
OFF state, and the PMOS transistor P4 in the voltage divider circuit 120 is held ON to short-circuit the resistor R4, the 
fractionally-divided voltage Va remains at Va2 (= VEXT x R6/(R5 + R6) at all times. 

The operation (corresponding to the operation of the internal voltage generating circuit in the hysteresis character- 
■40 istic region at the time of a decrease in VEXT) of the internal voltage generating circuit, for performing switching from ■ 
the third voltage range to the second voltage range with the decrease in external voltage VEXT will finally be described. 
When the external voltage VEXT increases beyond the second boundary voltage VT2 so as to reach the first boundary 
voltage VT1 or higher thereby to obtain the relations in Va (= Va2) < VREF, the output voltage Vb of the comparator CI 
is inverted from "H" to "L" and the decision voltage Vc is changed from "L" to "H" in response to it. As a result, the PMOS 
45 transistor P5 is turned OFF to deactivate the burn-in voltage generator 1 50, whereby the switching from the third voltage 
range to the second voltage range is performed. Namely, the PMOS transistor P3 is freed from the OFF state owing to : 
the deactivation of the burn-in voltage generator 150 to thereby activate the amplifier circuit 110. As a result, the ampli- 
fier circuit 1 1 0 generates the constant voltage VINTN at the output terminal INTN thereof. Thus, the internal voltage out- 
put circuit 160 reduces the internal voltage VINT and supplies VINTN to the internal circuit as VINT. At this time, the 
so PMOS transistor P4 is turned OFF to open the resistor R4, so that the fractionally-divided voltage Va is switched from 
Va2toVa1. 

Thus, when the external voltage VEXT is of the second boundary voltage VT2, the internal voltage generating cir- 
cuit shown in Fig. 1 performs the switching from the second voltage range to the third voltage range from the compari- 
son between the fractionally-divided voltage Val (= VEXT x R6/(R4 + R5 + R6) ) based on the first voltage division 
55 ratio of the voltage divider circuit 1 20 and the reference voltage VREF. Further, when the external voltage VEXT is of 
the first boundary voltage VT1 (< VT2). the internal voltage generating circuit-performs the switching from the third volt- 
age range to the second voltage range from the comparison between the fractionally-divided voltage Va2 
(= VEXT X R6/(R5 + R6) ) based on the second voltage division ratio and the reference voltage VREF Namely, the 



EP 0 822 476 A2 



external voltage changed from the third voltage range to the second voltage range Is set lower than the external voltage ■ 
changed from the second voltage range to the third voltage range so that the switching between the second voltage 
range and the third voltage range is provided with the hysteresis characteristic. 

According to the first embodiment as described above, the voltage division ratio of the voltage divider circuit 120 is 

5 changed to lower the external voltage point changed from the third voltage range to the second voltage range as com- 
pared with the external voltage point switched from the second voltage range to the third voltage range, thereby provid- • 
ing the switching between the second voltage range and the third voltage range with the hysteresis characteristic. As a 
result, the internal voltage, which has first entered into the third voltage range from the second voltage range, is pre- 
vented from immediately returning to the second voltage range and the internal voltage, which has first entered into the 

10 second voltage range from the third voltage range, is prevented from immediately returning to the third voltage range. 
Further, even when the external voltage is unstable in the vicinity of the switching between the voltage ranges, the inter- 
nal voitage can be stably outputted. Moreover, the second voltage range and the third voltage range can be both 
enlarged by the provided hysteresis characteristic as compared with the prior art. 

Incidentally, the configuration of the voltage divider circuit 120 is not necessarily limited to the above. For example, 

15 the change of the voltage division ratio may be done by short-circuiting the resistor R5 with the PMOS transistor P2. 
Further, the same operation as described above can be performed by separating the resistor R6 from others and open-, 
ing/short-circuiting one of the separated resistors using an NMOS transistor. The load elements R4 through R6 are not ' 
necessarily limited to the resistors. For example, diode-connected MOS transistors or the MOS transistors connected 
in series may be used in place of the resistor R5. The switch element P4 is not necessarily limited to the MOS trartsistor. 

20 Namely, any one may be used if capable of changing the voltage division ratio by forming the external source-side load ■ 
circuit inserted between the external source or voltage and the fractionally-divided voltage output terminal and the 
ground source-side load circuit inserted between the ground source or voltage and the fractionally-divided voltage.out--^ 
put terminal using three or more load elements and by opening/short-circuiting a predetermined load element with a; 
. switch element. Further, a voltage divider circuit 140 shown in Fig. 3 may be used which is capable of adjusting the first 

ss voltage division ratio and the second voltage division ratio. In the voltage divider circuit 1 40 shown in Fig. 3, series-con- 
nected resistors R11 through R15 form an external source-side load circuit, whereas series-connected resistors R16 
through R18 constitute a source- side load circuit. A PMOS transistor P1 1 , vyhich serves as a switch element, is pro- ' 
vided in parallel to a series resistor composed of the resistors R1 1 and R1 2. Further, adjusting fuses F1 through F5 cut-, 
table by the irradiation of a laser beam or the like are respectively provided in parallel with the resistors R12, R14, R15,. 

30 R17 and R18. The first and second voltage division ratios can be simultaneously adjusted" by cutting out any of thes 
adjusting fuses F2 through F5. The first voltage division ratio (corresponding to the voltage division ratio at the time that: 
the transistor P1 1 is OFF) can be singly adjusted by cutting.out or opening the fuse F1 . . 

Further, the conf iguration of the burn-in voltage generator, 150 is not necessarily limited to the above. "Rie burn-in 
voltaige generator 150 may be configured so that the PMOS transistor P5 corresponding to the switch element is pro- 
as vided between the resistor R3 and the output terminal INTB without being provided between the external voitage and 
the resistor R3 corresponding to the step-down bad element: Alternatively, the burn-in voltage generator 1 50 may be 
configured so as to directly, output the fficternai voltage with the resistor R3 as 0^]. Further, the burn-in voltage gener- 
ator 150 is not necessarily limited to one shown in Rg. 1. The switch element is not limited to the PMOS transistor. 
Moreover, the step-down load element is not lirnited to the resistor. As an alternative to the resistor, for example, dlode- 

40- connected MOS transistors or the MOS transistors connected in series may be used as the step-down load element. 
Further, the configuration of the amplifier circuit 1 .1 0 is not necessarily lirnited to jhe above. Alternatively, the ampli- 
fier circuit 11b may be constructed such that a switch element brought into conduction when the decision voitage Vc is 
"H" and opened when the decision voltage Vc is "L", is provided between.the point of connection between the PMOS 
transistor P3 and the resistor R1 and the output ternriina! INTN without using the point of connection between the PMOS. 

45 transistor P3 and the resistor R.1 as the output terminal INTN. 

A second embodiment of the present invention will next be described. 

When a reference voltage VREF has a dependence on the temperature where an internal voltage generating circuit 
is activated under a high temperature, an external voltage point (boundary voltage) at which a voltage section or range 
• is changed due to its dependence, varies. Fig. 4 is a diagram for describing a temperature-dependence of a boundary 

so voltage at the time that VREF is dependent on the temperature and a fractionally-divided voltage Va (i.e., a voltage divi- 
sion ratio of a voltage divider circuit) is independent on the temperature. Now consider that the value of the reference 
voltage VREF at the time that the internal voltage generating circuit is activated at ordinary temperatures is VREF1 in 
Fig. 4. In this case, a boundary voltage corresponding to an external voltage value that satisfies Va = VREF1 indicative 
of a voltage-range switch condition, is represented as VT3. Next consider that when the interna! voltage generating cir- 

55 cuit is activated at high temperatures, the reference voltage depends on a negative temperature and the reference volt: 
age is lowered to VREF2. Since the boundary voltage becomes VT4 by doing so, the voltage range is changed at an 
external voltage lower than a desired voltage value VT3. Now consider to the contrary that the reference voltage is 
dependent on a positive temperature and the reference voltage is raised to VREF3. Since the boundary voltage 
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becomes VT5 in this case, the voltage range is changed at an external voltage higher than the desired voltage value 
VT3. The same as described above can be said of the iriternal voltage generating circuit shown in Fig. 1 . It is basically 
desirable thai the point (boundary voltage) of switching between the voltage ranges is not dependent on the tempera- 
ture. 

5 Thus, the internal voltage generating circuit according to the second embodiment is characterized by imparting 
such a temperature characteristic as to corred variations in the first and second boundary voltages VT1 and VT2 with 
respect to temperature, to the fractionally-divided voltage Va corresponding to the output voltage of the voltage divider 
circuit 120 when the reference voltage VREF produced from the reference voltage generator 100 in the internal voltage 
generating circuit shown in Fig. 1. varies with temperature. Namely, the internal voltage generating circuit according to 

10 the. second embodiment is characterized in that the above temperature characteristic is imparted to the fractionally- 
divided voltage Va by setting a temperature coefficient of the external source-side load circuit composed of the resistors 
R4 and R5 in the voltage divider circuit 120 shpwn in Fig. 1 and a temperature coefficient of the ground source-side load 
circuit composed of the resistor R6 in the voltage divider circuit 1 20 to different values respectively. 

In general, resistive elements have positive temperature coefficients and are different from each other in tempera- 

is ture coefficient ranges settable according to. the material. For example, a temperature coefficient of an n-type or p-type 
. diffusion layer (hereinafter called simply "diffusion layer") composed of silicon is normally larger than that of polysilicon. 
The temperature coefficients of the diffusion layer and the polysilicon can be respectively set within a predetermined 
■ range in accordance with an impurity concentration, a production process, etc. Therefore, the resistors R4 through R6 
are formed using the diffusion layer or the polysilicon. 

so ' When the reference voltage VREF has a dependence on a negative temperature, the diffusion layer is used for the 
resistors R4 and R5 arid the polysilicon is used for the resistor R6. so as to impart the negative temperature-depend- 
ence to the fractionally-divided voltage Va. Further, the temperature coefficients of the resistors R5 and R6 are respec- 
tively set in such a manner that a variation in the voltage Va2 with respect to the temperature under a second voltage 
division ratio at the time that the external voltage is of the first boundary voltage VT1 , becomes equal to the variation in 

25 VREF with respect to the temperature. Next, the temperature coefficient of the resistor R4 is set such that a variation in 
fractionally-divided voltage Va1 with respect to the temperature under a first voltage division ratio at the time that the 
external voltage is of the second boundary voltage VT2, becomes equal to the variation in VREF with respect to the 
temperature . At this time, the temperature coefficient of the resistor R6 is smaller than the temperature coefficients of 
the resistors R4 and R5. 

30 On the other hand, when the reference voltage VREF has a dependence on a positive temperature, the polysilicon 
is used for the resistors R4 and R5 and the diffusion layer is used for the resistor R6. Further, the temperature coeffi- 
cients of the resistors R4 through R6 are set such that the temperature variation in Va2 at the first boundary voltage 
VT1 and the temperature variation in Val at the second boundary voltage VT2 are respectively equal to the temperature 
variation in VREF. At this time, the temperature coefficient of the resistor R6 is larger than the temperature coefficients 

35 of the resistors R4 and R5. 

Next, Fig. 5 is a diagram for describing the operation for correcting boundary voltages (corresponding to the first 
and second boundary voltages VT1 and VT2) with respect to temperature variations in the internal vpltage.generating 
circuit according to the second embodiment of the present invention. Now consider in Fig. 5 that the value of a reference 
voltage VREF .at the time that the internal voltage generating circuit is activated under ordinary temperatures, is VREF1 

40 and the characteristic of a voltage Va obtained by making a fraction of an external voltage is represented as A jn the. 
drawing. A boundary voltage (VT1 or VT2) at this tiitie is defined as VT 

Let's next consider that the reference voltage VREF is dependent on a negative temperature and is lowered to 
VREF2 when the internal voltage generating circuit is activated under a high temperature. Since the voltage Va (Val or 
Va2) is set so as to have a positive temperature-dependence at this time, the characteristic of the voltage Va with 

45 respect to the external voltage changes, from A to B in the drawing. The external voltage, i.e., the boundary voltage that 
satisfies Va = VREF2 indicative of the condition for switching between voltage sections or ranges, rises witii a variation 
in characteristic of Va so as to be corrected to the same VT as when the internal voltage generating circuit is activated 
under ordinary temperatures. 

Now consider to the contrary that when the internal voltage generating circuit is activated under the high tempera- 

50 ture. the reference voltage VREF is dependent on the negative temperature and is increased to VREF3. Since the volt- 
age Va (Val or Va2) is set so as to have a positive temperature-dependence at this time, the characteristic of tiie 
voltage Va with respect to tiie external voltage changes from A to C in the drawing. Thus, the boundary voltage is raised 
so as to be con-ected to the same VT as when the internal voltage generating circuit is activated under ordinary tem- 
peratures. _ . . 

55 According to the second embodiment as described above, the respective resistors of the voltage divider circuit 120 
are respectively formed of materials having different temperature coefficients. Thus, as presented in Table 1 shown 
below, when the reference voltage VREF is dependent on tiie negative temperature, the temperature coefficient of the 
resistor R6 is set so as to be smaller than tiie temperature coefficients of the resistors R4 and R5, whereas when the 
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reference voltage VREF is dependent on the positive temperature, the temperature coefficient of the resistor R6 is set 
so as to be larger than the temperature coefficients of the resistors R4.and R5. Further, such an output vs. temperature 
characteristic that the variation in the voltage Va2 with respect to the temperature at the time that the external voltage 
is of the first boundary voltage VT1 and the variation in the voltage Val with respect to the temperature at the time that 
5 the external voltage is of the second boundary voltage, become equal to the variation in the reference voltage with 
respect to the temperature. Is imparted to the voltage divider circuit 120. It is thus possible to correct temperature vari^ 
atipns in the first and second boundary voltages due to the variation in the reference voltage with respect to the tem- 
perature. 

10 , . . . ■ . 

TABLE1 



Dependence of VREF on tem- 
perature 


Positive 


Negative 


Temperature coefficient of R4 


Minimal 


Maximal 


Temperature cqefficient.of R5 


Large 


Small 


Tempterature coefficient of R6 


Small 


Large 



so Incidentally, a voltage divider circuit 1 20 shown in Fig. 6 is used as the above-described voltage divider circuit and 
the variations in the boundary voltage with respect to the temperature may be corrected in the following manner. In Fig. 
6, series-connected resistors R21 through R23 constitute an external source-side load circuit and series-connected 
resistors R24 and R25 constitute a ground source-side load circuit. A PMOS transistor P21 , which serves as a switch 
element, is provided in parallel with the resistor R21 . Resistive materials having different temperature coefficients are 

25 respectively used for the resistors R22 and R23 and the resistors R24 and R25. For example, the resistors R22 and 
R24 are respectively formed of a diffusion layer and the resistors R23 and R25 are respectively formed of polysilicon. 
Thus, since a.temperature characteristic of a fractionally-divided voltage Va2 at a second voltage division ratio can be 
controlled by adjusting the ratio between the resistance values of the resistors R22 and R23 and the ratjo between the 
resistance values of the resistors R24 and R25, the degree of freedom of the control on the temperature characteristic 

30 of Va2 can be enlarged. It is of course possible to form the external source-side load circuit (resistors R22 and R23) of 
the diffusion layer and form the ground source-side load circuit (resistors R24 and R25) of polysilicon or vice versa It is 
needless to say that the degree of freedom of the control on a temperature characteristic of a fractionally-divided volt- 
. ■ age Va1 at a first voltage division ratiO; can be made great by dividing the resistor R21 controlled by the PMOS transistor 
P21 into resistors and respectively forming the divided resistors from resistive materials having different temperature 

3S coefficients. 

According to the internal voltage generating circuit of the present invention as has been described above, an 
advantageous effect can be brought about iri that since a hysteresis characteristic is imparted to an internal voltage by 
switching the characteristic of an internal voltage from a constant voltage characteristic to a variable voltage character- 
. istic.when an external voltage is of a second boundary voltage and switching the characteristic of the internal voltage 
40 from the variable voltage characteristic to the constant voltage characteristic when the external voltage is of a first 
boundary voltage smaller than the second boundary voltage, a .stable internal voltage can be outputted even when the 
external voltage is unstable in the vicinity of a characteristic changeover. Another advantageous effect can be brought 
about in that an external voltage range brought to the constant voltage characteristic and an external voltage range 
brought to the variable voltage characteristic can be both enlarged as compared with the prior art. 
45 A further advantageous effect can be brought about in that variations in first and second boundary voltages with 
respect to the temperature due to a variation in reference voltage with respegt to the tfemperature can be corrected by 
freely setting the dependence of a voltage division ratio of a voltage divider circuit on the temperature. 

A still further advantageous effect can bebrought about in that a voltage division ratio of a voltage division load cir- 
. cuit can be adjusted by opening or cutting out adjusting fuses so. as to free short-circuiting of predetermined load ele- 
sp. ments. 

While the present invention has been described with reference to the illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various modifications of the illustrative embodiments, as well as other 
embodiments of the invention, will be apparent to those skilled in the art on reference to this description. It is therefore 
contemplated that the appended claims will cover any such modifications or embodiments as fall within the true scope 
55 . of the invention. , 
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Claims 

1. An internal voltage generating circuit for generating an internal voltage from an external voltage inputted thereto, 
said internal voltage generating circuit being characterized in that said internal voltage indicates such a constant 
voltage characteristic that said internal voltage is brought to a constant voltage regardless of the external voltage 
when the external voltage falls within afirsl.voltage range, said internal voltage indicates such a variable voltage 
characteristic that when the external voltage falls within a second voltage range larger than the first voltage range, 
said internal voltage is brought to a variable voltage which is larger than the constant voltage and increases linearly 
with an increase in the external voltage, and a first boundary voltage for switching a characterisjtic of said internal 
voltage from said variable voltage characteristic to said constant voltage characteristiG is lower than a second 
boundary voltage for switching the characteristic thereof from said constant voltage characteristic to said variable 
voltage characteristic. 

2. An intemal voltage generating circuit as claimed in claim 1, further cornprisirig, 

a reference voltage generator for generating a reference voltage; 

a constant voltage generator for generating the constant voltage corresponding to the level of the reference 
. voltage from the external voltage; 

a variable voltage generator for generating the variable voltage from the external voltage; 
an output circuit for outputling an input voltage as an internal voltage; and 

detecting means for monitoring the level of the external voltage using the reference voltage, outputting a signal 
for determining either a first logical value or a second logical value, based on the result of monitoring, varying 
the determination signal from the first logical value to the second logical value when said detecting means 
detects that the external voltage has risen to the second boundary voltage or more, and varying the determi- 
nation signal from the second logical value to the first logical value when said detecting means detects that the 
external voltage has been reduced to the first, boundary voltage or less, and 

wherein when the determination signal is the first logical value, the constant voltage is inputted to said 
output circuit and when the determinatioo signal is the second logical value, the variable voltage is inputted to 
said output circuit. . " • 

3. An internal voltage generating circuit as claimed in claim 2, wherein said detecting means includes, 

a voltage divider circuit for making a fraction of the external voltage in a first voltage division ratio when the 
determination signal is the first logical Aralue, making a fraction of the external voltage in a second voltage divi- 
sion ratio when the determination signal is the second logical value arid outputling either one of the resultant 
fractional voltages therefrom, and 

a comparing circuit for comparing the level of the input reference voltage and that of said fractional voltage, out- 
putting the first logical value as the determination signal when said fractional voltage is less than or equal to 
the reference voltage and outputting the second logical value as the determination signal when the fractional 
voltage is greater than or equal to the reference voltagej and 

said voltage divider circijit sets the first voltage division ratio so that the fractional voltage becomes equal to the 
reference voltage when the external voltage is the second boundary voltage and is fractionated in the first volt- 
age division ratio, and sets the second voltage division ratio so that the fractional voltage becomes equal to the 
reference voltage when the external voltage is the first boundary voltage and is fractionated iri the second vblt- 

age division ratio. 

4. An internal voltage generating circuit as claimed |n claim 3, wherein said voltage divider circuit is able to freely set 
the dependence of the voltage division ratio on temperature. 

5. An internal voltage generating circuit as claimed in claim 3 or 4, wherein said voltage divider circuit includes, 

a voltage division load circuit wherein three or more load elements are connected in series, one ends of said 
load elements are respectively connected to the external voltage and a ground voltage and any of points at 
which the load elements are joined to each other, is used as a terminal for outputting the fractional voltage, 
whereby the external voltage is fractionally-divided by an external source-side load circuit extending from the 
external voltage to the output terminal and a ground source-side load.circuit extending from the output terminal 
to the ground voltage, and . 

a switch circuit for short-circuiting or opening between terminals of a predeterniined said load element in 
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accordance with the determination signal to thereby set a voltage division ratio of said voltage division load cir- 
cuit to said first or second voltage division ratio. 

6. An internal voltage, generating circuit as claimed in claim 5, wherein said voltage division load circuit uses resistors 
s as the load elements. 

7. An internal voltage generating circuit as claimed in claim 6^ wherein said voltage division load circuit is able to freely 
set the dependence of the voltage division ratio on temperature by forming the resistor of said external source-side . 
load circuit and the resistor of said ground source-side load circuit from resistive materials of two types, or more, 

10 which are different in temperature coefficient from each other. 

8. An internal voltage generating circuit as claimed in claim 6, wherein said voltage division load circuit includes a plu- 
rality of resistors respectively provided for said external source-side load circuit and said gi-ound source-side load 
circuit and is able to freely set the dependence of the voltage division ratio on temperature by respectively forming 

IS the plurality of resistors from resistive materials of two types or more, which are different in temperature coefficient 
from each other. 

.9. An internal voltage generating circuit as claimed in claim 8, wherein said voltage division load circuit uses polysili- 
con and an n- or p-type silicon diffusion layer as the resistive materials. 

20 . . . . 

10. An internal voltage generating circuit as claimed in any of claims 5 through 9, wherein said switch circuit has one 
or a plurality of short-circuit switch elements connected in parallel with the load, elements to be short-circuited of 
said voltage division load circuit and is activated so as to bring said short-circuit switch elements into conduction or 
non-conduction in accordance with the determination signal. 

25 ■ • 

1 1 . An internal voltage generating circuit as claimed in claim 10, wherein said switch circuit uses a MOS transistor as 
the short-circuit switch element. 

12. An internal voltage generating circuit as claimed in any of claims 3 through 1 1 , wherein said voltage divider circuit 
30 ^ further includes adjusting fuses for short-circuiting between the terminals of the predetermined load element of said 

load elements and is able to adjust the voltage division ratio of said voltage division load circuit by cutting out any 
of said adjusting fuses. 

13. An internal voltage generating circuit as claimed in any of claims 3 through. 12, wherein, said comparing circuit 
3S includes, 

a comparator having an inverse input terminal and a non-inverse input terminal respectively supplied with the 
reference voltage and the fractional voltage, and 
. a drive circuit driven in response to a signal outputted from said comparator so as to output the deterrnination 
40 signal. 

14. An internal voltage generating circuit as claimed In any of claims 2 through 1 3. wherein said variable voltage gen- 
erator has an output terminal connected to an input terminal of said output circuit and is activated so as to output 
the variable voltage to said output circuit when the determination signal is the second logical value and deactivated 

45 so as to stop the output of the variable voltage to said output circuit when the determination signal is the first logical 
value and •' 

said constant voltage generator has an output terminal connected to the input terminal of said output circuit 
and is activated so as to output the constant voltage to said output circuit when said variable voltage generator 
so stops outputting and deactivated so as to stop the output of the constant voltage to said output circuit when 

said variable voltage generator is activated. 

15. An internal voltage generating circuit as claimed in claim 14, wherein said variable voltage generator includes, 

55 a switch element hawng a control terminal inputted with the determination signal, said switch element beirig- 

opened when the determination signal is the first logical value and being brought into conduction when the 
determination signal is the second logical value, and 
a step-down load element connected in series with said switch element, and 
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said constant voltage generator includes. 

a differential amplifier having an inverse input terminal supplied witli the reference voltage, 

a first step-up load element jjroyided between a non-inverse terminal of said differential amplifier and the 

input terminal of said output circuit, 

a second step-up load element provided between the non-inverse terminal of said differential amplifier and 
a ground.voltage, and 

a PMOS transistor whose gate, source and drain electrodes sire respectively connected to an output ter- 
minal of said differential amplifier, the external voltage and the input terminal of said output circuit, said 
PMOS transistor being cut off when said switch element is brought into conduction so as to activate said 
constant voltage generator. 
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•140 Voltage Divider Circuit 
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Fig.4 



Independence of Va on temperatures 
Under High-Temperature Conditions 




VREF . . 
Temperature Dependence - Positive 
Temperature Dependence - NIL 
Temperature Dependence - Negativ 



External Voltiage 



Variation in Point (Boundary Voltage) for switching between voltage ranges 
with respect to temperatures 
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Fig.5 



Dependence of Va on temperatures 
Under High-Temperature Conditions 
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■ ■— Temperature Dependence - Positive • 

Temperature Dependence - NIL 

Temperature Dependence - Negative 

Va(VaiorVa2) 

— -- Temperature Dependence - Positive 

Point for switcliing between voltage ranges _ Temperature Dependence - NIL 

Temperature Dependence - Negative 
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External Voltage . 



Correction of Boundary Voltage Vt With Respect To temperature Variation Produced 
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210 Voltage Divider Circuit 
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Fig.7 
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External Voltage 



Internal Voltage Characteristics forttie External Voltage of a Conventionail Internal Voltage 
Generating Circuit 
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